Objective: To evaluate the rate of weight loss maintenance, defined as a 10% loss of initial weight maintained beyond 1 year, among patients with BMI > 25 kg/m 2 who had been managed by primary care physicians practicing behavioral nutrition (moderately high-protein diet, carbohydrate restriction, and behavioral therapy).
Introduction
Overweight and obesity are currently considered as a worldwide epidemic. The prevalence of overweight and obesity has increased continuously in many developed and developing countries rising by 27.5% for adults and 47.1% for children between 1980 and 2013 (1) . Obesity is a significant public health issue in the USA with 35% of adults with a body mass index (BMI) 30 kg/m 2 (2) . The prevalence of obesity in Europe is estimated at 17.2% of the overall population, with a range of 11-26% depending on countries (3) . Increased prevalence of obesity is recognized as an independant cardiovascular risk factor for hypertension, type 2 diabetes, and dyslipidemia but is also associated with nonalcoholic fatty liver disease and depression (2) . Moreover, BMI increase is associated with the appearance of different kinds of cancer (4) . As a result, obesity is associated with increased health care costs and higher mortality rates (2) . As shown in Look AHEAD, DPP, or SOS studies, weight loss is associated with the improvement of hypertension, systolic and diastolic blood pressure, triglycerides, and HDL cholesterol levels (5) and with a decrease in the incidence of diabetes (6) , cancer, cardiovascular events, and overall mortality (7) . Losing 5-10% of initial body weight is a public health recommendation in several countries, including France and the USA (8, 9) . But most people tend to regain weight within 1 year after intervention (10) . Mild degrees of weight regain (2-6%) can induce plasma lipids, blood pressure, fasting glucose, and insulin concentrations to revert back to baseline (10) .
Weight loss interventions generally consist of caloric restriction, modification of macronutrients distribution, and glycemic index reduction (11) . However, maintenance of weight loss does not rest only on dietary intervention; it depends also on other parameters, such as keeping the behavior changes learned during an intervention (12) and associating physical activity (11) . Although interventional trials demonstrated the efficacy of these associations, studies on weight loss maintenance in primary care practice are scarce. Behavioral nutrition is a weight loss management program provided by a network of primary care physicians (PCPs) who receive an 8-h initial training and regularly participate in training sessions on nutrition and dietary counseling, obesity and comorbidities, patient motivation, and eating behavior. It combines a moderately high-protein diet and carbohydrate restriction with cognitive behavioral therapy.
This retrospective study was performed in a large cohort of patients who had been managed for weight loss by PCPs practicing behavioral nutrition. The primary aim was to assess the success rate of such management, the success criterion being defined as at least 10% loss of initial weight maintained beyond 1 year (12) , and the secondary aim was to identify the determinants of success. Sustained weight loss has been defined as 10% intentional loss of initial weight and its maintainance for at least 1 year in the National Weight Control Registry (NWCR) (12) . Although there is no consensus on this definition, it has the advantage to take into account a percentage of weight loss that is beneficial for health and a period during which most subjects regain the weight they have lost.
Methods
This is an observational retrospective study based on the patient files of 478 general practitioners collected between 2000 and 2012. The study was approved by the Commission Nationale de l'Informatique et des Libert es (CNIL) (National Comission on Informatics and Liberty) (DE-2014-59).
Inclusion criteria
Patients eligible for analysis were aged over 18 and under 65 years, had overweight or obesity (BMI>25 kg/m 2 ), managed for weight loss by a PCP practicing behavioral nutrition, followed up for a minimum of 12 months after weight loss, and registered in the SPI-OPENwebV R software between January 6, 2000 and November 28, 2013.
Weight loss management in behavioral nutrition
Behavioral management, dietary counseling, and weight loss followup are provided by PCP practicing behavioral nutrition. The number of consultations is decided by mutual agreement between the patient and his/her PCP. Dietary counseling in behavioral nutrition is based on a moderately high-protein diet providing an intake of 1.2 or 1.5 g protein/kg ideal body weight/day for a BMI>25 kg/m 2 or >30 kg/m 2 , respectively. The diet consists of three phases, which duration varies according to practitioner discretion. During the first phase, proteins are provided five times per day by INSUDIET foods developed to provide 18-20 g of protein and less than 5 g of carbohydrate per serving. Vegetables providing less than 5 g of carbohydrate per serving are allowed. During the second phase, proteins are provided four times per day by at least 2 INSUDIET foods progressively associated with animal proteins (at least 150 g of meat, fish, or eggs per serving). A wider range of vegetables and fruits is allowed (vegetables: approximately 200 g cooked and 120 g raw).
During the third phase, proteins are provided once a day by 1 INSU-DIET food and by animal proteins (3 serving per day), vegetables as desired, fruits, dairy products, and cereals are allowed. The first, second, and third phases provide approximately 900, 1,150 and 1,500 kcal per day, respectively. During the first, second, and third phases, 15, 22, and 31% of daily caloric intake, respectively, are provided by carbohydrates. Cognitive behavioral therapy is based on validated behavioral questionnaires not detailed here and aim to enhance therapeutic alliance and long-term behavioral modifications.
Monitoring with the SPI-OPENwebV R software
Monitoring of weight loss by PCPs was carried out using the SPIOPENwebV R software, which allowed PCPs to collect all necessary data to support patient care throughout follow-up. This included identity (name, age, and gender), anthropometric data (weight, height, hip, and waist sizes), body composition (fat mass [FM] , fatfree mass [FFM] ), and a food questionnaire evaluating protein intake.
Data collection
Weight and body composition were measured using bioelectrical impedance (Tanita TBF 300, Tanita BC 1000.1 or Tanita BC 420). Values including height were recorded by the PCP in the SPIOPENwebV R software that directly infer BMI and FM/FFM ratio.
Success rate
Success criterion was the minimum loss of 10% of initial weight and its maintenance beyond 12 months. Accordingly, patients were divided into three groups: patients who failed to lose 10% of their initial weight, Failure (F) group; patients who lost at least 10% of their initial weight but failed to maintain it beyond 12 months, Unsuccessful Maintenance (UM) group; and patients who lost at least 10% of their initial weight and succeeded in maintaining it at least beyond 12 months, Successful Maintenance (SM) group. Maintenance of the weight loss was the percentage of patients meeting the success criterion after the median follow-up after the 10% initial weight loss.
Determinants of weight loss
Data analyzed to identify the determinants of weight loss were follow-up characteristics: number of consultations (total or per month), duration of follow-up (months), time required to reach the 10% initial weight loss goal (months), duration of follow-up after weight loss (months), and anthropometric characteristics at inclusion: weight (kg), BMI (kg/m 2 ), FM (kg), FFM (kg), fat percentage (%), and FM/FFM ratio. Changes between first consultation and last consultation were expressed as weight difference (kg) or percentage of initial weight loss, BMI difference (kg/m 2 ) or BMI variation (%), FM difference (kg) or FM variation (%).
Contribution of adiposity to weight loss
The contribution of adiposity to weight loss was calculated as the ratio between FM variation (kg) and weight variation (kg) in patients who lost weight between first and last consultation. For patients who had a gain of FM, the contribution of adiposity to weight loss was considered as null.
Statistical analysis
Patients having a follow-up over the 95th centile of follow-up distribution were excluded to remove outliers that may be found in a large database like the present one. The distribution of the final sample was tested according to gender, age class (18-30; 31-40; 41-50; 51-65 years) and BMI range (25-29.9; 30-34.9; 35-39.9; over 40 kg/m 2 ) using the non-parametric chi-square test. Sample distributions according to gender, age class, BMI, and year of inclusion were compared between the F, UM, and SM groups using a chisquare test. Both follow-up and anthropometric data were compared between groups using a general linear model test (crude and adjusted for gender, age class, BMI, and year of inclusion), as well as the absolute and relative changes in weight, BMI, and FM
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between first and last consultation. The contribution of FM to weight loss between first and last consultation was also compared between groups. Finally, the average change in weight (absolute and relative) was calculated every month. A P-value lower than 0.05 was considered statistically significant. Statistical analyses were performed using SAS software v9.4 (SAS Institute, Cary, NC).
Results
From January 2000 to November 2012, 17,543 eligible patients were retrieved from the database. Among them, 3,287 were excluded from the analysis for the following reasons: a single consultation not allowing to measure weight loss (n 5 607), duration of follow-up less than 12 months after the 10% loss of initial weight not corresponding to analysis criteria (n 5 1,844), more than 90 months (>95th centile follow-up distribution) of follow-up according to statistical analysis (n 5 812), or a BMI>60 kg/m 2 at inclusion or last consultation requiring special care (n 5 24) (Figure 1 ). Consequently, data from 14,256 patients were analyzed. The large majority were women (84.6%; Table 1 ). The proportion of patients aged between 51 and 65 years were significantly higher than that of patients aged between 18 and 30 years (37.2% vs. 13.3%; P < 0.001). Among the patients analyzed, 49.9% were overweight and 50.1% suffered from obesity, split on 30.9% obesity, 13.0% severe obesity, and 6.17% morbid obesity (Table 1) .
Success rate
About 47.6% (n 5 6,784) of patients failed to lose at least 10% of their initial weight (F group) and 52.4% (n 5 7,472) of patients lost at least 10% of their initial weight. Among the latest, 26.7% (n 5 3,803) succeeded in maintaining the 10% initial weight loss over at least 12 months (SM group) and 25.7% (n 5 3,669) did not (UM group) (Figure 2 ). At median follow-up (29 months) after the 10% of initial weight loss, 1,819 patients of the initial SM group were still visiting their PCPs. Among them, 63.4% met the success criterion and had still a 12% decrease in their initial weight and a 23% decrease in adiposity (data not shown).
Determinants of weight loss
Initial weight and BMI of patients were significantly higher in the SM group than in the UM and F groups (P < 0.001) ( Table 2 and Figure 3 ). This was associated with a FM percentage significantly greater in the SM group (40.5%) than in the F (37.0%) and UM (38.5%; P < 0.001) groups (Table 3) . No difference in FFM was observed at inclusion. The SM group consisted mainly of women with a mean age of 45.1 years (Table 2 ). On average, in this group, patients met their PCP 19.6 times over 34.2 months. There was a significantly greater number of consultations in the SM group than in the F and UM groups (P < 0.001). The mean follow-up duration was significantly shorter in the SM group than in the UM group (P < 0.001). Consequently, patients in the SM group had a higher frequency of consultations (P < 0.001) than patients in the two other groups. The achievement of the 10% initial weight loss required a shorter period in the SM group than in the UM group (P < 0.001).
Weight change
The mean weight loss in the SM group was significantly greater than in the UM group (14.1% vs. 4.59% of their initial weight at last consultation; P < 0.001) ( Table 2 ). This decrease in weight corresponds to 4.75 BMI units for patients in the SM group and 1.43 BMI units for patients in the UM group (P < 0.001). The FM decrease was significantly greater in the SM group than in the UM group (224.7% vs. 28.21%; P < 0.001) ( Table 3 ). Contribution of Figure 3 Success rate according to BMI range. All chi-square tests were significant. F: failure group; SM: successful maintenance group; UM: unsuccessful maintenance group. adiposity to the weight loss was of 75.1% in the SM group and 79.5% in the UM group. For all groups, weight variations followed very similar patterns over time (Figure 4) . Patients of the SM group had a greater initial weight loss, expressed as percentage of initial body weight, than patients of the UM group ( Figure 4B ). Over time, a trend to regain weight was observed in each group. The weight curve of the UM group crossed the 210% initial weight threshold 10 months after inclusion, while the weight curve of the SM group remained below this threshold throughout the study.
Discussion
In this retrospective study, behavioral nutrition allowed 26.7% of patients with overweight or obesity to lose at least 10% of their initial weight and to maintain the weight loss for at least 12 months. This weight loss was associated with a significant decrease in adiposity. In a previous retrospective study, it was shown that 21% of overweight subjects (BMI>27 kg/m 2 ) reporting intentional weight loss were maintainers at 1 year (13). In the National Health and Nutrition Examination Survey (prospective study), 20% of adults with obesity achieved to lose 10% of their initial weight for 12 months (14) . Association of intervention diet and behavioral treatment is known to enable 10% reduction of body weight as shown in the Look AHEAD study at 12 (15) and 48 months (16) or in the IDEA study at 18 months (17) . In view of all these results, with more than 20% of success, behavioral nutrition care combining dietary changes (carbohydrate restriction, moderately high protein consumption supported by supplementary foods) with individual behavioral support belongs to the pool of effective weight loss strategies currently available.
In our study, patients with a higher initial BMI were more likely to maintain a 10% initial weight loss. A recent meta-analysis (18) investigated the effect of lifestyle intervention (diet and exercise) on weight change according to BMI classes. Although overweight patients loss less absolute weight than patients with obesity, no significant differences in the weight change percentage among BMI classes was described (18) . Furthermore, in the Weight Loss Maintenance Trial, a higher initial weight was a predictor of the weight loss (19) as was shown in other weight loss interventions (20, 21) . For now, we can only be speculative about factors that could explain the better results obtained in patients with a high BMI: intensity of caloric restriction with respect to resting metabolism, number of attempts to lose weight, stronger motivation or a more intense support by relatives could be involved. At any rate, our results suggest that behavioral nutrition enables a successful weight loss in patients with obesity and severe obesity.
The second determinant of success identified in our study was the greater consultation frequency for successful patients. Previously, a meta-analysis had shown that a more frequent scheduled support meeting was an independent predictors of greater weight loss (22) . In the Look AHEAD study, subjects randomized in the intensive lifestyle intervention were advised to follow both group and individual meetings devoted to dietary counseling and behavior modification. At 12 months, participants having attended a higher number of sessions showed a greater weight loss (15) . Later in this study, patients having maintained at least a 10% weight loss were characterized by greater contacts with care providers during years 2-4 (16) . Similarly, in the Diabetes Prevention Program, subjects receiving dietary training, physical exercise, and behavior modification were those achieving a greater weight loss as well as a greater reduction of diabetes incidence, compared with those in the metformin or placebo groups (6) . Transposition of this clinical program to primary care confirmed the impact of coach follow-up to weight loss at 15 (23) and 24 months (24) . Most of the trials associating dietary restriction and behavioral treatment offer individual and group sessions. Although it has been shown that group sessions for weight loss are more effective than individual sessions at 6 months (25), this asset was not confirmed at 12 or 36 months (26). As seen above, we observed that an individual follow-up alone is effective also. In most of the interventional studies managing weight loss, subjects received care provided by coaches with training in nutrition, exercise, or behavior modification but not by PCPs in charge of the patients. In addition to dietary advice, the behavioral nutrition program has the particularity to educate PCPs. They are trained by expert colleagues and follow course of increasing levels to become more specialized. Nevertheless, PCPs were able to manage patients with overweight or obesity immediately after the first training session. This is in agreement with methods of the POWER-UP study whose aim is to manage obesity in primary care practice and in which PCPs received a 6-8 h training (27) . PCPs education is of paramount importance since they are encouraged by authorities to manage obesity in routine clinical care whereas most of them consider being not well prepared for it (28) . In our study, based on the experience of PCPs practicing behavioral nutrition, we obtained a long-term weight loss at least as efficiently as in multicentric interventional studies. Thus, coaching by PCPs could allow patients to maintain a healthier weight.
Analysis of the weight loss dynamic showed that successful subjects were those who achieved the 10% weight loss at a faster rate (mean: 4.09 months). This is in agreement with previous studies showing that significant individual weight loss differences already exist after the first 2 weeks of diet (29) and that initial weight loss at 1 month is a strong predictor of weight loss percentage at 12 months (30) . Moreover, in the TOURS study, patients who lost faster obtained a greater weight reduction and a longer term maintenance (31) . As in numerous studies, a trend of weight regain was observed in the different groups (weight regain was not quantified). However, a great percentage of patients were still successful at 29 months. Maintenance may be related to the dietary counseling not providing a very-low-calorie diet known to promote weight regain after fast initial weight loss (32) as well as the long-term follow-up period facilitating the behavioral modification maintenance (31) .
Dietary counseling in behavioral nutrition consists of carbohydrate restriction and moderately high protein intake. The efficacy of this kind of dietary recommendations for weight loss maintenance has been shown in the DIOGENE study (33, 34) . Recently, a metaanalysis comparing weight loss among named diet programs in interventional studies showed that low-carbohydrate diets and low-fat diets had a high probability to induce long-term weight loss, this effect being enhanced by the integration of behavioral management (35) . Diet for weight loss should be designed in order to limit loss of FFM that cannot be avoided, although subjects aim at losing FM. The FFM must be preserved since non-adipose tissues are implicated in resting metabolic rate, regulation of body temperature, preservation of skeletal integrity, and maintenance of function and quality of life (36) . In the present study, for patients meeting the success criterion, FM contributed for 75% of the weight loss, meaning a 25% FFM loss. This is consistent with most weight loss methods using caloric restriction that show a FFM loss closed to 25% (37, 38) .
To our knowledge, our study focusing on overweight and obesity managed by PCPs in real life is one of the first dealing with such a large sample. Since obesity studies are characterized by a high dropout (39) , a large sample is often required to observe the effectiveness of a program care. In our study, the median follow-up for the entire population was 29 months, while most studies are conducted in shorter periods. Thus, obesity care with behavioral nutrition allowed maintaining patients' motivation in the long term. In the observational NWCR in which data were recorded by patients themselves and not by PCPs, determinants of weight loss mainly concerned patient behavior: low-calorie and low-fat diets, high level of physical activity, frequent weight monitoring, breakfast every day or 2.5 meals/week in restaurants (40) . In complement of this, determinants identified in the present study were initial BMI, consultation frequency, speed of weight loss, and follow-up duration. With time, we observed a dropout effect with a slow weight regain, suggesting that it could be of great interest to stimulate patients' involvement in the long term. The retrospective design of our study presents some limitations. First, since our analyses were based on health records that had previously been collected, some data that would have been of interest for our study i.e., comorbidities, biological variables, quality of life, were not available. Second, the large number of PCPs implicated might have increased the chance of missing data. Moreover, the statistical analysis performed was descriptive and thus, did not allow us to establish causation between determinants of weight loss and success. Another limitation was the lack of food record and especially proteins quantification allowing the comparison of our results to other diets.
In conclusion, overweight and obesity care by PCPs with behavioral nutrition facilitates weight loss maintenance. Slightly more than a quarter of the patients included in this large cohort maintained a 10% initial weight loss for more than 12 months. It appears that 
